Objective Excessive caloric intake and a sedentary lifestyle are well-known risk factors for incident diabetes. The aim of this study was to determine if body composition, nutrient intake and daily energy expenditure values had any impact on glucose regulation.
INTRODUCTION
Excessive caloric intake and a sedentary lifestyle are wellknown risk factors for incident diabetes. In addition to the calories themselves, some types of nutrition are associated with the development of diabetes. White rice is rich in carbohydrates and a staple food in Asian countries. A meta-analysis including the Japanese population has shown that higher consumption of white rice is associated with a significantly increased risk of type 2 diabetes, especially in Asian (Chinese and Japanese) populations 1) . A dose-response relationship between white rice intake and diabetes risk was observed and the relative risk of type 2 diabetes was 1.11 for each incremental serving (158 g) per day of white rice intake 1) . Saturated fat is also known as a risk factor for diabetes 2) . On the other hand, dietary fiber, for example eating whole grains, has been shown to reduce the risk of type 2 diabetes 3) .
A sedentary lifestyle, such as prolonged television watching, has been proven to increase the risk of obesity and type 2 diabetes 4) . Conversely, type 2 diabetes can be prevented in high-risk subjects by regular physical exercise [5] [6] [7] . A study of Japanese males showed that mild physical activity (i.e., walking to work ≥ 21 min) reduces the risk of type 2 diabetes 8) . The association between physical activity of moderate intensity and the risk of type 2 diabetes was systematically evaluated, and it was shown that adherence to recommendations to participate in physical activities of moderate intensity (3.0 -6.0 METs) such as brisk walking can substantially reduce the risk of type 2 diabetes 9) .
Since its foundation in June 2006, Tokai University Tokyo Hospital has conducted anti-aging checkups 10, 11) of over 1,900
examinees. Analysis of the health data from these checkups over a decade revealed some age-related factors, such as sarcopenic obesity, which is defined as a normal body mass index (BMI) with excessive body fat. Our analysis of the anti-aging checkup examinees revealed that those with sarcopenic obesity had an elevated risk for lifestyle-related diseases equal to that of obese people 12) . Thus, not only BMI, but also body composition is important for detecting early signs of metabolic changes. whole-body dual-energy X-ray absorptiometry (DXA) measurement, nutrient intake and daily energy expenditure values, as well as clinical parameters of lifestyle-related diseases were compared with or without fasting glucose abnormalities.
SUBJECTS AND METHODS

Subjects
A total of 81 subjects (49 men and 32 women) aged between 38 and 84 years who underwent anti-aging health checks at Tokai University Tokyo Hospital were enrolled in the study. The surveillance period was from April to September 2015. All subjects gave written informed consent to the use of their health records for analysis. This study was approved by the Ethics Committee of Tokai University, and was conducted in accordance with the Declaration of Helsinki.
Measurements
Anthropometric measurements were performed and blood samples were obtained after overnight fasting. Of the measurements included in the anti-aging health check examinations 11) , the following parameters were used for analysis: BMI, waist circumference, systolic blood pressure (BP), fasting glucose, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglycerides, and adiponectin. Height and weight were measured in the standing position, and BMI was calculated as weight/height 2 (kg/m 2 ). Waist circumference was assessed at the end of expiration by measuring the minimum circumference at the level of the umbilicus. Body fat mass, fatfree mass and percentage of body fat (% body fat) were evaluated using whole-body DXA (Prodigy; GE Healthcare Japan, Tokyo, Japan). BP was measured in the sitting position. Serum level of high molecular weight adiponectin was measured using a latex particle-enhanced turbidimetric immunoassay (LTIA) 13) .
Evaluation of dietary nutrient intake and energy expenditure
A food frequency questionnaire (FFQg; Kenpakusya, Tokyo, Japan) validated by Takahashi et al. [14] [15] [16] was used to calculate nutrient intake. The FFQg used in the present study included questions on the consumption of various food items over the previous one or two months. Daily nutrient intake was calculated by multiplying the consumption frequency of each food by the nutrient content of the portion size, and summing the products for all food items. Daily energy expenditure, resting energy expenditure and energy expenditure of exercise were also estimated using the FFQg. Energy expenditure values were estimated by reporting the hours of the following behaviors in a day (sleeping, lying or sitting, sedentary work, slow walking or housework, light activity, moderate physical activity and vigorous physical activity excluding that of daily living). Based on the self-reported data on duration and intensity, the daily energy expenditure (kcal/day), resting energy expenditure (kcal/day) and energy expenditure of exercise (kcal/day) were calculated according to the instructions accompanying the FFQg.
Statistical analysis
Data is expressed as mean ± standard deviation (SD). SPSS Statistics (Version 22.0; SPSS Inc.) was used for the statistical analyses. Pearson's correlation coefficient was calculated as a measure of association between fasting glucose and clinical parameters. Statistical significance of comparisons between the fasting glucose < 110 group and the fasting glucose ≥ 110 group was determined by Student's t-test. All p-values were two-tailed, and p < 0.05 was considered significant.
RESULTS
Clinical characteristics, laboratory data, nutrient intake and energy expenditure of the subjects are shown in Table 1 . The study subjects consisted of 49 men and 32 women, including 7 well-controlled diabetic subjects (6 men and 1 woman). The mean age was 62.8 ± 12.3 for men and 64.3 ± 12.0 for women. The average fasting glucose level was higher in men (102.6 ± 13.8 mg/dL) than in women (93.4 ± 9.6 mg/dL). The subjects were not obese on average (BMI 23.1 ± 2.5 kg/m 2 for men and 20.4 ± 2.6 kg/m 2 for women), and the average percent body fat was 24.1 ± 5.8% for men and 27.8 ± 7.2% for women. The mean systolic BP, HDL-C, LDL-C, triglycerides and adiponectin values were within the normal ranges. Dietary intake of total calories, carbohydrate, protein, fat, saturated fat, fiber and salt was compatible with that of the National Health and Nutrition Survey in both men and women 17) . Daily energy expenditure values were slightly higher than daily caloric intake values in both men and women. Energy expenditure of exercise was 356.0 ± 248.4 kcal/ day for men and 327.3 ± 240.5 kcal/day for women.
The correlations between fasting glucose and clinical parameters are shown in Table 2 . Fasting glucose was significantly positively correlated with body fat mass in men. It was significantly negatively correlated with fat-free mass in women. The percentage of body fat showed a significantly positive correlation with fasting glucose in both men and women. Fasting glucose was significantly negatively correlated with adiponectin in men, and significantly positively correlated with systolic BP in women. The influence of dietary nutrient intake on glucose level was insignificant in men. In women, fasting glucose was significantly positively correlated with intake of protein, fat, saturated fat and salt in women, although daily caloric intake showed no significant correlation with fasting glucose. There was a significantly negative correlation between fasting glucose and daily energy expenditure in men, and resting energy expenditure in women, but not energy expenditure of exercise in both men and women.
Next, we compared clinical characteristics between the fasting glucose < 110 group and the fasting glucose ≥ 110 group (Tables 3 and 4). Compared with the fasting glucose < 110 group, the fasting glucose ≥ 110 group was significantly lower in fat-free mass, adiponectin, daily energy expenditure and resting energy expenditure, and significantly higher in triglycerides in men ( Table 3) . In women, although the number of subjects with fasting glucose ≥ 110 may be too small to achieve statistical significance, intake of calories, protein, fat, saturated fat and salt was higher and resting energy expenditure was lower in the fasting glucose ≥ 110 group (Table 4) . In both men and women, the influence of energy expenditure of exercise was insignificant. 
DISCUSSION
In the present study, the impact of lifestyle habits and body composition on glucose regulation was investigated in the antiaging checkup examinees. We ascertained that excessive energy intake and/or decreased physical activity had a low impact on fasting glucose level. Rather, glucose dysregulation was found to be associated with decreased energy expenditure other than exercise and increased percentage of body fat.
Excessive caloric intake and a sedentary lifestyle are wellknown risk factors for incident diabetes. The lifestyle intervention in clinical trials (Finnish Diabetes Prevention study 5) and
Diabetes Prevention Program in the United States 6) ) emphasized lifestyle changes that included moderate weight loss (7% of body weight) and regular physical activity (150 min/week), with dietary strategies to reduce intake of fat and calories 2) . Obesity (BMI ≥ 25 kg/m 2 ) is one of the most important risk factors for type 2 diabetes, and being overweight (BMI 22-25 kg/m 2 ) also increases the risk of diabetes 18) . It has been reported that a weight loss of 5 -10% can reduce the incidence of diabetes in obese and overweight subjects with impaired glucose tolerance 5, 6) . The subjects in both the fasting glucose <110 group and the fasting glucose ≥ 110 group were not obese on average in BMI, and the women in the fasting glucose ≥110 group showed a lower BMI than those in the fasting glucose <110 group. However, the subjects with fasting glucose ≥110 showed a higher percentage of body fat (27.8 ± 7.2% for men and 27.4 ± 8.4% for women) compared to those with fasting glucose <110 (24.1 ± 5.8% for men and 26.5 ± 7.6% for women), although not significant. Sarcopenic obesity is defined as a normal BMI with excessive body fat. Our analysis of the anti-aging checkup examinees revealed that those with sarcopenic obesity had an elevated risk for lifestyle-related diseases equal to that of obese people 12) . In that study, the percentage of body fat was measured by the bioelectrical impedance method, which is less precise than DXA. In the present study, body composition was evaluated by DXA, the gold standard method. In accordance with the previous report, increased percentage of body fat (increased body fat mass and/or decreased fat-free mass) was associated with glucose dysregulation. Skeletal muscle accounts for more than half (~55%) of the total fat-free mass, and maintenance of skeletal muscle mass is important for its metabolic quality as well as physical strength and functional status. There is a progressive reduction of skeletal muscle mass in weight-stable elderly men and women 19, 20) , suggesting that weight stability in older individuals does not imply body composition stability. Therefore, we strongly emphasize the importance of evaluating body composition to detect early signs of metabolic changes.
Excessive energy intake had a low impact on fasting glucose level in the present study. Dietary intake of nutrients in this study was compatible with that of the National Health and Nutrition Survey in both men and women 17) , suggesting that data collection was properly performed. The FFQg is validated against 7-day dietary records and the FFQg-estimated nutrient intake values are 72-121% of those of the 7-day dietary records 14) . The reproducibility of the FFQg at intervals of 1 -2 months is 93 -119% for each nutrient 14) . The influence of dietary nutrient intake on glucose level was insignificant in men. In women, although the number of subjects with fasting glucose ≥ 110 may be too small to achieve statistical significance, energy intake seemed to be positively associated with fasting glucose, but it remains inconclusive in this study. Regular physical exercise is known to prevent type 2 diabetes [5] [6] [7] . However, decreased physical activity had a low impact on fasting glucose level in our subjects. Rather, decreased energy expenditure other than exercise was found to be associated with glucose dysregulation. Daily energy expenditure consists of three components: resting metabolic rate (60 -75%), thermic effects of food (10%) and physical activity (15 -30%) 21) . Resting metabolic rate can be measured by the doubly labeled water technique or calorimetry, and voluntary physical activity is often measured by accelerometers, but no method is suitable for every situation and every population 19) . Compared to other instruments, questionnaires are easy to distribute and administer, and allow the collection of information on physical activity and other factors from a greater number of study subjects 21) . However, questionnaires are prone to bias, including social desirability and recall bias 22) . In the present study, daily energy expenditure, resting energy expenditure and energy expenditure of exercise were evaluated by a questionnaire. According to the Dietary Reference Intakes for Japanese (2015) 23) , the resting metabolic rate for the age group 50 -59 is 1,400 kcal/day for men and 1,100 kcal/day for women. In this study, resting energy expenditure was 1,515.5 ± 300.6 kcal/day for men and 1,135.0 ± 121.9 kcal/day for women, almost compatible with the reference values 23) . Energy expenditure of exercise was 356.0 ± 248.4 kcal/day for men and 327.3 ± 240.5 kcal/day for women, which is roughly equivalent to brisk walking (5.0 METs) for one hour and is considered reasonable as daily physical activity. In the present study, there was a significantly negative correlation between fasting glucose and daily energy expenditure in men, and resting energy expenditure in women, but not energy expenditure of exercise in both men and women. Daily energy expenditure and resting energy expenditure are dependent on fat-free mass, and combined with the relationship between fasting glucose and body composition, this result is considered meaningful.
Our study has some limitations. First, the sample size was not large enough for conclusions regarding marginally insignificant p-values. Second, because of the cross-sectional nature of the study, the cause-effect relationship of our findings is unclear and a prospective study is required. Third, our subjects, who undergo anti-aging health checks at Tokai University Tokyo Hospital, are considered to be more affluent and health-conscious than ordinary people, and therefore the results of this study may not be applicable to the general population. However, the present study is meaningful in promoting awareness of the importance of body composition for detecting early signs of metabolic changes.
In conclusion, the present study shows that subclinical glucose dysregulation was associated with decreased energy expenditure other than exercise and increased percentage of body fat, rather than excessive energy intake and/or decreased physical activity in the anti-aging checkup examinees. We strongly emphasize the importance of evaluating body composition to detect early signs of metabolic changes, because subjects with sarcopenic obesity are at high risk of developing lifestyle-related diseases including type 2 diabetes.
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